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Abstract 

Urbanisation modifies landscapes at multiple scales, impacting the local climate and changing the extent and quality of 
natural habitats. These habitat modifications significantly alter species distributions and can result in increased abundance 
of select species which are able to exploit novel ecosystems. We examined the effect of urbanisation at local and landscape 
scales on the body size, lipid reserves and ovary weight of Nephila plumlpes, an orb weaving spider commonly found in both 
urban and natural landscapes. Habitat variables at landscape, local and microhabitat scales were integrated to create a 
series of indexes that quantified the degree of urbanisation at each site. Spider size was negatively associated with 
vegetation cover at a landscape scale, and positively associated with hard surfaces and anthropogenic disturbance on a 
local and microhabitat scale. Ovary weight increased in higher socioeconomic areas and was positively associated with hard 
surfaces and leaf litter at a local scale. The larger size and increased reproductive capacity of N.plumipes in urban areas show 
that some species benefit from the habitat changes associated with urbanisation. Our results also highlight the importance 
of incorporating environmental variables from multiple scales when quantifying species responses to landscape 
modification. 



Citation: Lowe EC, Wilder SM, Hochuli DF (2014) Urbanisation at Multiple Scales Is Associated with Larger Size and Higher Fecundity of an Orb-Weaving 
Spider. PLoS ONE 9(8): el05480. doi:10.1371/journal.pone.0105480 

Editor: Maura (Gee) G. Chapman, University of Sydney, Australia 

Received May 6, 2014; Accepted July 24, 2014; Published August 20, 2014 

Copyriglit: © 2014 Lowe et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 

Data Availability: The authors confirm that all data underlying the findings are fully available without restriction. All relevant data are within the paper and its 
Supporting Information files. 

Funding: These authors have no support or funding to report. 

Competing Interests: The authors have declared that no competing interests exist. 

* Email: Elizabeth.lowe@sydney.edu.au 



Introduction 

Urbanisation modifies landscapes and degrades habitats in 
order to support increasing human populations in cities around the 
world [1]. This alteration of natural areas tends to decrease 
diversity while increasing densities of select species [2] , resulting in 
biological communities with novel species interactions [3] and 
altered ecosystem function [4]. Many species are excluded from 
these novel environments but some species can live and even 
thrive in cities, becoming urban exploiters [5] . The probability of a 
species becoming an urban exploiter often depends on plasticity or 
pre-adaptation [6], but there are also examples of changes in 
behaviour [7], morphology [8] and life history [9] as a result of 
adaptation to novel environments. While the effects of urbanisa- 
tion on wildlife have most often been studied in birds [10], 
invertebrates provide an ideal study system in which to examine 
the fitness consequences of urbanisation at both small scales and 
across landscapes [11]. 

Although biodiversity responds to urbanisation at multiple 
spatial scales, many studies investigating its effect on wildlife draw 
comparisons between urban and rural areas but fail to quantify the 
level of urbanisation or incorporate broad scale environmental 
variables [10]. A gradient from the centre of the city to outlying 
natural areas must incorporate multiple sites from each landscape 
type in order to account for the high levels of heterogeneity in the 
urban matrix [12]. For the purpose of this study, landscape scale 
refers to environmental and socioeconomic factors in the Sydney 



region. In the context of ttrbanisation, this relates to fragmentation 
of habitats, increases in housing and population densities and 
changes to the surrounding land cover from predominandy 
vegetation to a matrix of hard surfaces, housing, industry and 
parklands. These broad scale increases in impermeable surfaces 
and decrease in vegetation can lead to changes in climate [13] 
which, similarly to climate change, have been shown to alter 
species distributions [14]. Local scale refers to the environment in 
the surrounding area, for example within the boundaries of a 
suburb or national park. At a microhabitat scale, species in urban 
areas are directly influenced by decreases in habitat complexity 
[15] and changes in species interactions [16]. Identifying the scale 
at which anthropogenic changes affect animals can aid in 
managing the impact of urbanisation on biodiversity and 
ecosystem health. 

While large native predators are often lost from urban 
environments as a result of habitat loss and conflict with humans 
[17], some generalist predators benefit from urbanisation [18,19]. 
Changes in predator abundance can lead to the uncoupling of 
trophic interactions in urban areas [3,20] leading to further 
decreases in biodiversity and ecosystem health. Spiders are a useful 
taxa in which to study the effect of urbanisation on predators as 
they can have large effects on food webs and ecosystem traits 
including herbivore abundance, plant community composition 
and nutrient cycling [21]. By studying the responses of spiders to 
anthropogenic change we gain a better understanding of how to 
maintain trophic interactions and biodiversity in urban systems. 
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Previous studies concerning the species richness and abundance 
of spiders in response to anthropogenic disturbance show varied 
responses. Some studies found no response to urbanisation [22] 
while others found an increase in species diversity [23] or an 
increase in total abundance as result of select species becoming 
urban exploiters [24,25] . This variation is likely a result of different 
sampling methods [26], environmental variation between cities 
[27] and differing classifications of urban landscape traits [10]. 

We tested how urbanisation affects the growth and reproduction 
of the golden orb weaving spider, Nephila pliimipes. Nephila are 
common spiders in the Asia Pacific region [28] and N.plumipes is 
abundant along the east coast of Austraha [29]. They build semi- 
permanent webs which, once mature, they remain in for the 
duration of their life span. This sedentary lifestyle, along with the 
fact that spider size and condition can be strongly influenced by 
their environment [30,31], makes N.plumipes an ideal species in 
which to study the effects of microhabitat on condition. We 
examined associations between measures of urbanisation and the 
size, Upid reserves and egg production of spiders at multiple scales 
along a gradient from city to continuous bush land in Sydney, 
Australia. The urban heat island effect and habitat fragmentation 
have both been shown to increase abundance of some herbivorous 
insects in urban areas [1 1,32]. Spider development and fecundity 
can be strongly influenced by temperature (see [30]) and diet [31], 
therefore we predicted that N.plumipes size and condition would 
increase at higher levels of urbanisation. We also predicted that 
urbanisation would have the largest effect on N.plumipes 
morphology- at a microhabitat scale, as spiders often respond to 
fine scale environmental modification [33,34]. 

Methods 

a) Study sites 

Sydney is the largest city in Australia, supporting 4.39 million 
people ()\'(;r an area of 12,368 Km^ [33]. Study sites from within 
Sydney's urban matrix were classified into three coarse landscape 
types; recreational parks and gardens (n = 7), remnant patches 
(n= 10) and continuous bushland (n = 3) (Table SI). Urban parks 
are characterised as small to medium sized fragments (ranging 
from 0.04 km^ to 0.7 km^) surrounded by housing with manicured 
garden beds and little to no native vegetation. The predominant 
land cover of these fragments is grass, non-native vegetation, 
buildings and hard surfaces. The urban remnant sites are 
fragmented patches of native vegetation ranging from 0.08 km^ 
to 1.6 km^ which are isolated from other patches of native 
vegetation and are now predominantly surrounded by housing. 
The continuous bushland sites consist mostly of native vegetation 
and are connected to large natural areas of bushland. 

b) Spider collection 

The collection of spiders occurred between April and June 2012 
for all sites, at which time a majority of th(" female spiders were 
mature. For each female spider, the size of the web's capture area 
and height of the web above ground were recorded. A total of 222 
spiders were collected (excluding males and immature females) 
with the number of spiders collected from each site ranging from 
2-25, and an average of 11 spiders per site (Table SI). Spiders 
were collected as they were encountered, in rare cases this was all 
of the spiders in a site (for the small parks). 

Spiders were collected with permission from the New South 
Wales National Parks and Wildlife Service (Scientific ficense 
#SL100915), the Royal Botanic Gardens and the following local 
councils; Manly, North Sydney, Ku-Ring-Gai, WUloughby, 
Warringah, WoUi Creek, Kogarah, Sydney City. N. plumipes is 



abundant throughout the region and a maximum of 25 individuals 
were removed from each site. Ethics permission is not required for 
invertebrates under the New South Wales Animal Research Act 
1985. 

c) Habitat assessments 

We measured habitat characteristics at three spatial scales: 
landscape, local and microhabitat. At a landscape scale, we 
measured the percentage land cover (vegetation, grass, hard 
surfaces and water) over a 1 km radius (centred in the area of the 
site where the majority of the spiders were found). The distance of 
each site to the following prominent landscape features; the central 
business district (CBD), permanent water, the coast, parkland and 
bushland, were calculated using Google Earth and Image J. The 
suburb demographics used for each site were: population density, 
housing density and average weekly income [35]. 

At a local scale, the site refers to the area within the boundary of 
each park, remnant patch or area of national park. For each site, 
the percentage land cover (vegetation, grass, water, hard surfaces 
and buildings), perimeter, area and shape were calculated using 
Image J and Google Earth. 

At a microhabitat scale, six habitat characteristics (ground 
vegetation cover, shrub canopy cover, tree canopy cover, tree 
density, leaf litter and anthropogenic structures) were scored from 
0-3 to indicate the habitat complexity for each spider (adapted 
from [36]). A high score for the summed habitat characteristics of 
each individual indicates a microhabitat with a high level of 
habitat complexity and a low level of disturbance. The percentage 
land co\'er (\'("getation, grass, water, hard surfaces) over a 10 m 
radius was also c:alculated using Image J and Google Earth. The 
proximity of individual spiders to landscape features (open space, 
hard surfaces, buUcUngs, site edge and water) was determined using 
the GPS locations of each spider in Google Earth. For each 
individual we also quantified the following; number of kleptopar- 
asites in the web, number of conspecifics within a 5 m radius (as a 
measure of aggregation sizes) and number of prey items stored in 
the web. 

d) Morphological measurements 

A range of morphological traits were measured for each spider 
to determine size and give multiple measures of condition. Size 
was quantified through the measurement of both hard (leg length, 
tibia length and carapace length/width) and soft (abdomen length, 
width and height) structures. Tibia length of the first leg was used 
as a measure of body size [37]. The ratio of weight to tibia length 
was used as a measure of body condition as the size of hard 
structures is constant in mature individuals while weight shows 
substantial variation depending on prey capture rates and 
reproductive state [37]. Other measures of body condition (e.g. 
the residuals of the weight/ tibia ratio) yielded qualitatively similar 
patterns. 

Lipid weight and ovary weight were determined for a subset of 
spiders as a more direct measure of nutrient reserves and egg 
production. A chloroform extraction protocol (adapted from 
Wilder and Ryjistra [38]) was used to determine lipid weight of 
spiders. However, as the bodies of some spiders ruptured during 
drying, lipid weight estimates for the remaining spiders were 
calculated using a regression of abdomen volume and extracted 
hpid weight (n=106, r^ = 0.20, lipid = 3E-05*volume+0.02). 
Ovary weight was measured by dissecting 29 individuals and 
was predicted for the remaining individuals using a regression of 
ovary weight against abdomen volume (n - 29, r = 0.62, ovary 
weight = 2E-4*volume-0.03). 
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e) Statistics 

Principal components analyses (PCA) were conducted using 
SPSS to combine environmental variables from a landscape (12 
variables), local (8 \'arial)l(-s) and microhabitat scale (15 variables). 
The resulting components from the three PCAs were used to 
represent different elements of urbanisation (Table 82). The first 
through fourth axes of these PCAs were compared to morpho- 
logical measures (site average at local and landscape scales and 
individual measures at the microhabitat scale) using Pearson's 
correlations. Differences between the morphology of spiders in 
different landscape types (bush, remnant or parks) were calculated 
using ANOVA's (data available in Table S3). 

Results 

a) PCAs integrating liabitat variables at landscape, local 
and microliabitat scales 

The PCA combining 12 landscape scale variables resulted in 
four components (for the percentage variance explained by each 
component see Table S2). The first component was negatively 
associated with vegetation cover and distance to CBD, and 
positively associated with hard surfacx cover, housing density, 
population density and distance to bushland. As all of these 
landscape variable associations reflect urban characteristics, this 
first component was used as an index reflecting the degree of 
urbanisation at each site. The second component, which was 
associated with suburb house hold income and proximity to 
parklands, was used as an indication of the socioeconomics of each 
site. The third component did not combine any relevant variables 
but the fourth (combining distance to coast and percentage water 
over 1 km radius) was used to represent an association with the 
coast. 

We derived two components from the PCA for the local scale 
which combined eight site variables (Table S2). The first 
component combined all land cover variables excluding water 
and was used to reflect urbanisation. The second component 
concerned habitat fragmentation and was associated with larger 
and less convoluted sites. 

The PCA for the microhabitat scale combined 1 5 variables and 
resulted in 5 components (Table S2). The first txjmponent 
reflected more natural habitats with a positive association with 
increased distance from anthropogenic features (e.g. hard surface 
or site edge) and the percentage land cover of water. A negative 
association with hard surfaces and man-made structures and a 
positive association with percentage vegetation, indicating habitats 
with less disturbance, were represented in component two. The 
third component reflected increased ground cover complexity (less 
grass and more leaf litter) and the forth was associated with 
increased habitat complexity. 

b) Variation in size and condition 

Tibia length ranged from 6.91 mm to 14.03 mm, with an 
average of 10.74±1.37mm and was significantly diflerent 
between sites (F19 202 = 2.59, p<0.0\). Weight was also signifi- 
candy different between sites (Fig_202 = 2.39, j!)<0.01) and ranged 
from 0.13 g to 2.63 g with an average of 0.97 ±0.45 g. The 
predicted lipid weights calculated for spiders rang(-d from ()-(). 1 1 g 
and 0.06-18.68% of wet weight and the predic:ted weight of 
ovaries was 0-0.62 g and 0-39.33'yo of wet weight. Predicted lipid 
weight and ovary weight were significantiy correlated with body 
condition ratio (lipid: n = 222, r2 = 0.36, p<0.01, ovary: n = 222, 
r^ = 0.87, p<0.01). The correlation between ovar)' weight and 
body size was also significant but comparatively low (n = 222, 
r^ = 0.28, p<0.01). There was no correlation between the month 



of sampling and the size (n = 222, r^<0.01, p = 0.91) or weight 
(n = 222, r^ = 0.013, p = 0.10) of spiders. 

c) Landscape scale 

When sites were analysed using a categorical predictor (park, 
remnant or bushland) no significant differences in size (Fg^i? = 2.9, 
p = 0.07) or condition (ratio: F2,i7=1.19, jf) = 0.32; lipid: 
F2,i7 = 0.22 /; = 0.80; ovary: F2,i7 = i.l9, j^ = 0.32) were found 
between areas. Howe\'er when sites were quantified using the four 
components from the landscape scale PCA, significant correlations 
were found between tibia length and components 1 (urbanisation 
axis) and 4 (proximity to coast, Figure 1), and between ovary 
weight and component 2 (socioeconomic axis) (n = 20, r^ = 0.20, 
p = 0.05). Lipid weight was not associated with any components 
from the landscape PCA. Spiders were significandy larger in sites 
closer to CBD and the coast, with less vegetation and more grass 
cover (Table la). Larger spiders in better condition were found in 
suburbs with higher socioeconomic status (higher average income, 
populations and housing density) (Table la). 

d) Local scale 

The first component of the local PCA showed no correlations 
with any of the morphological traits. The second component 
(associated with larger, less elongated sites) showed significandy 
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Component 1 : Level of urbanisation 
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-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 

Component 4: Proximity to coast 

Figure 1. Relationships (site average +1— S.E) between the 
factorials of landscape scale components and spider size, a) 

Positive correlation between average tibia length and landscape 
component 1: positive association with hard surface land cover, 
housing density, distance to bush land and population density and a 
negative association with vegetation land cover and distance to CBD, 
(n = 20, r^ = 0.33, p<0.01). b) Positive correlation between average tibia 
length and landscape component 4: positive association with 
percentage water cover and negative association with distance to the 
coastline (n = 20, r^ = 0.30, p = 0.01). 
dol:1 0.1 371/journal.pone.01 05480.g001 
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Table 1. Pearson R correlations between landscape variables at multiple scales and spider morphology (*P<0.05, **P<0.01). 









Size 


Condition ratio 


Lipid weight 


Ovary weight 


Landscape scale 


Distance to CBD 


-0.51* 


-0.44 


-0.39 


-0.49* 




Distance to water 


-0.13 


-0.08 


0.11 


-0.05 




Distance to coast 


-0.49* 


-0.19 


-0.07 


-0.24 




Distance to park 


-0.43 


-0.31 


-0.20 


-0.38 




Distance to bushland 


0.34 


0.22 


0.26 


0.19 




1 km radius % vegetation 


-0.62** 


-0.37 


-0.28 


-0.44 




1 km radius % grass 


0.47* 


0.22 


-0.01 


0.28 




1 km radius % hard surface 


0.36 


0.27 


0.20 


0.28 




1 km radius % water 


0.26 


0.05 


0.12 


0.15 




Suburb population density 


0.66** 


0.55* 


0.58** 


0.61** 




Suburb housing density 


0.66** 


0.59** 


0.59** 


0.63** 




Suburb weekly Income 


0.19 


0.51* 


0.56* 


0.52* 


Local scale 


Site % vegetation 


-0.42 


-0.30 


-0.18 


-0.34 




Site % grass 


0.38 


0.29 


0.08 


0.29 




Site % hard surface 


0.57** 


0.46* 


0.36 


0.54* 




Site % buildings 


0.24 


0.05 


0.18 


0.14 




Site % water 


-0.07 


0.03 


-0.15 


0.02 




Perimeter (m) 


-0.51* 


-0.36 


-0.35 


-0.43 




Site Area (m^) 


-0.39 


-0.38 


-0.36 


-0.44 




Site shape 


0.50* 


0.58** 


0.37 


0.58** 


Microhabitat scale 


Tree canopy cover 


-0.12 


-0.06 


-0.02 


-0.05 




Shrub canopy cover 


0.13* 


0.15* 


0.10 


0.10 




Ground vegetation cover 


-0.01 


0.01 


-0.02 


0.01 




Litter logs and rocks 


-0.07 


-0.15* 


-0.13 


-0.14* 




Tree density 


-0.03 


0.05 


0.10 


0.08 




Anthropogenic structures 


0.14* 


0.05 


0.06 


0.05 




Total habitat quality 


-0.08 


<0.01 


0.01 


<0.01 




10 m % veg 


-0.09 


-0.04 


0.01 


-0.02 




10 m % hard surface 


0.13* 


-0.01 


0.04 


-0.01 




10 m % grass 


0.01 


0.12 


0.01 


0.08 




10 m % water 


-0.10 


-0.06 


-0.04 


-0.05 




Distance to open space 


-0.14* 


-0.04 


0.04 


-0.04 




Distance to hard surface 


-0.18* 


-0.06 


0.04 


-0.06 




Distance to building 


-0.12 


-0.09 


0.01 


-0.11 




Distance to edge 


-0.12 


-0.07 


0.04 


-0.08 


Correlations are shown between landscape (n = 20) and local scale variables (n = 20) and the site average size and condition measures. IVlicrohabitat variables are 



compared to individual size and condition measurements {n = 222}. 
doi:l 0.1 371/journal.pone.01 05480.t001 



negative correlations with tibia length (r =0.23, p = 0.03), 
condition ratio (r^ = 0.20, p = 0.05) and ovary weight (r^ = 0.23, 
p = 0.03), meaning that smaller and convoluted sites were 
associated with larger spiders. When analysing the local variables 
independently, tibia length, condition ratio and ovary weight were 
positively correlated to the percentage of the site covered by hard 
surfaces (Figure 2) and the shape of the site (Table lb). 

e) Microhabitat scale 

Spiders were larger in microhabitats close to anthropogenic 
disturbance (described by Component 1, Table 2) and in 
microhabitats with less natural vegetation and more hard surfaces 



(Component 2, Table 2). In microhabitats with less leaf litter 
cover, spiders had higher condition and ovary weights (Table Ic). 

There were also correlations between microhabitat variables 
and the characteristics of spider webs, kleptoparasite numbers and 
the size of spider aggregations. Larger webs and increased 
numbers of kleptoparasites were found in areas with less hard 
surfaces and man-made objects and more vegetation (Component 
2, Table 2). The size of the web and the number of kleptoparasites 
were not correlated (n = 203, r^<0.01, p = 0.71) but spiders in 
larger webs had increased lipid weig ht (r^ = 0.03, p<0.01), ovary 
weight (r^ = 0.02, p = 0.05) and tibia length (r^ = 0.04, p<0.01). 

Spiders formed larger aggregations in areas with less ground 
cover complexity (Component 3, Table 2) and more ground and 
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0 -I , ^ ^ 1 

0 5 10 15 20 

% Hard surface 



Figure 2. Relationships (site average +/— S.E) between the 
percentage of each site covered in hard surfaces and spider 
morphology, a) Positive correlation between percentage hard 
surfaces and the average tibia length (r^ = 0.33, p<0.01). b) positive 
correlation between the percentage hard surface and average ovary 
weight (r^ = 0.30, p = 0.01). 
doi:1 0.1 371/journal.pone.01 05480.g002 

vegetation cover (Component 5, Table 2). Prey was stored more 
often by spiders located far from urban disturbance (Component 
1, Table 2) but less prey was stored in habitats with increased leaf 
Utter and less grass (Component 3, Table 2). Ovary weight was 
positively correlated with the number of kleptoparasites in the web 
(r-' = 0.02, p = 0.03), stored prey (r^ = 0.03, p<0.01) and number of 
aggregating spiders (r^ = 0.02, p = 0.03). 

Discussion 

Our results show support for our first hypothesis that 
urbanisation has a positive effect on N.plumipes body size and 
ovary weight at multiple landscape scales. Spider size increased 



with hard surface cover at a local and microhabitat scale and 
decreased in areas with more vegetation cover. Spider ovaries 
were significandy larger in sites in close to the city, and in areas 
with more hard surfaces and less leaf litter. Our second hypothesis 
was that microhabitat, rather than landscape scale urbanisation 
would have the largest effects on spider growth and development. 
Contrary to this, our results show that spider size mostly related to 
urbanisation over large scales, especially loss of vegetation and 
creation of hard surfaces. 

N.plumipes may be pre-adapted to become an urban exploiter, 
as Nephila are often edge dwellers and can reach large abundances 
under suitable conditions such as high prey availability [39] . Other 
web weaving spiders are also known to thrive in urban 
environments [40] and it is likely they are responding to similar 
modifications to the natural environment. This work provides 
evidence that conditions in urban areas can influence the 
morphology of spiders and could also affect other fitness measures 
such as metabolic rate and behaviour. By identifying the elements 
of cities that influence the success of urban exploiters we gain a 
better understanding of what drives changes in the biodiversity of 
urban systems. 

The two factors most likely to explain these morphological 
diflFerences in spiders from urban environments are increased 
temperature and prey availability. As temperature can have a 
significant effect on the growth and size of spiders [30], N.plumipes 
may benefit from the heat island effect attributed to urbanisation 
[13]. The urban heat island effect is primarily a result of hard 
surfaces and lack of vegetation cover [41] and studies consistentiy 
show significandy higher temperatures associated with anthropo- 
genic land cover [42,43]. Therefore, the presence of larger spiders 
in sites with more hard surfaces at both local and microhabitat 
scales could be a result of increased growth under higher 
temperatures. At a landscape scale, spider size corresponded 
negatively to vegetation cover but was not correlated with hard 
surface cover. This suggests that hard surfaces have the most effect 
on temperature at a local scale, while vegetation cover affects 
temperatures at a landscape scale. 

Increased prey in urban areas can increase population sizes of 
urban dwelling spiders [40]. As the quality and abundance of prey 
can affect spider size [31], an increase of prey in urban areas could 
also explain the larger size and higher fecundity of urban spiders 
[39]. Fragment edges combine both open and forest habitats and 
often have increased abundances of arthropods [44] , therefore the 
larger size of spiders in sites with a more elongated shape could 
indicate increased prey as a result of edge effects. In Sydney small 
remnant fragments have the same [45] or higher numbers of 



Table 2. Pearson's R correlations between the components of the microhabitat PCA, size and microhabitat variables {*P<0.05, 
**P<0.01). 





Microhabitat PCA component 




1 


2 


3 


4 


5 


Tibia length 


-0.13* 


-0.14* 


0.01 


-0.03 


0.09 


Web area 


0.12 


0.17* 


-0.04 


0.11 


-0.05 


Number of Kleptoparasites 


0.02 


0.14* 


-0.02 


-0.06 


-0.05 


Spiders in aggregation 


-0.06 


-0.11 


-0.24** 


0.11 


0.36** 


Prey stored in web 


0.1 6* 


0.03 


-0.19** 


0.05 


-0.08 



1 = Increased distance to urban features (hard surface, open space, buildings, site edge), 2 = More natural habitat (less hard surfaces and man-made structures, more 
vegetation) 3 = Increased ground cover complexity (less grass, more undergrowth), 4- Increased tree and canopy complexity, 5 = Increased mid layer vegetation 
complexity. 

doi:l 0.1 371 /journal.pone.Ol 05480.t002 
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invertebrate prey than larger fragments [20] but this response may 
not be universal as a study by Miyashita et al. [46] found reduced 
size oi Nephila spiders in smaller urban fragments as a result of 
lack of prey. 

Another explanation for the correlation between larger spiders 
and elongated sites is increased exposure to surrounding urban 
Ught, as large spiders were also associated with anthropogenic 
structures such as light posts and were larger in sites closer to the 
CBD. Artificial night lighting has many implications for spider 
fitness as it leads to local increases in insect abundance [47], and 
increased prey capture for spiders in lit habitats [48]. Identifying 
the important prey for A'^. plumipes and an investigation into how 
prey varies in relation to urbanisation would provide a more direct 
test of this hypothesis. 

We found that spider condition was negatively associated with 
leaf litter and positively associated with housing density and hard 
surfaces. Spiders were also more likely to aggregate and store more 
prey in microhabitats which were dominated by grass instead of 
leaf litter, indicating higher prey density and more constant 
encounter rates [49]. This is despite previous studies showing an 
increase of spider prey availability in microclimates with deeper 
litter [50] and the fact that the primary prey for N.plumipes 
(Coleoptera, Diptera, Lepidoptera and Hymenoptera [51]) prefer 
areas with leaf litter [52,53]. It is possible that refuse from houses 
results in higher prey numbers [54] by providing a richer food 
source for prey arthropods (e.g., flies) than leaf litter. The higher 
numbers of prey found in a dessert urban system showed no 
association with increased condition of an urban spider [55] but 
this trend could differ in more tempc'rate ecosystems. 

Our results showed increased numbers of kleptoparasites in 
areas with less hard surfaces and in webs associated with 
vegetation rather than anthropogenic structures, as well as 
supporting previous studies that found an increase in kleptopar- 
asite number with web size [56]. The higher numbers of 
kleptoparasites in webs further from urban disturbance supports 
previous studies which have found a negative association between 
parasite abundance and urbanisation [11] or habitat health [57]. 
This also demonstrates the difiFerential effect of urbanisation on 
spiders with different foraging strategies. As kleptoparasites have 
been shown to negatively afiect Nephila sp. size [58], the reduced 
parasite burden in urban areas could be contributing to the larger 
size of urban spiders. 

On a local scale, our study found that spiders were larger, had 
heavier ovaries and increased lipid storage in suburbs with higher 
population densities and higher average household income. This 
increase in ovary size relates to both the larger size of the spiders 
and the increase in condition. Reproductive output of spiders can 
increase in response to optimal habitat [59], indicating that high 
density, wealthy urban areas could be more beneficial habitat for 
N.plumipes than less urbanised areas. Socioeconomics can have a 
significant effect on biodiversity, with plant and animal species 
richness shown to increase with household income in urban areas 
[60]. The increased expenditure and management of parks in 
wealthy suburbs could result in healthier vegetation patches [61], 
which would increase prey abundance and allow spiders to grow 
larger and build up fat reserves. 
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